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Abstract
We propose a new mechanism where both Dirac masses for the charged-leptons and Majorana masses for
neutrinos are generated via quantum levels. The charged-lepton masses are given by the vacuum expectation
values (VEVs) of the Higgs doublet field and that of a triplet field. On the other hand, neutrino masses are
generated by two VEVs of triplet Higgs fields. As a result, the hierarchy between the masses for charged-
leptons and neutrinos can be explained by the triplet VEVs which have to be much smaller than the doublet
VEV due to the constraint from the electroweak rho parameter. We construct a concrete model to realize
this mechanism with discrete Z2 and Z4 symmetries, in which masses for neutrinos and those for the muon
and electron are generated at the one-loop level. As a bonus in our model, the deviation in the measured
muon g − 2 from the standard model prediction can be explained by contributions of extra particle loops.
Besides, the lightest Z2-odd neutral particle can be a dark matter candidate. The collider phenomenology
is also discussed, especially focusing on doubly-charged scalar bosons which are necessary to introduce to
occur our mechanism.
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I. INTRODUCTION
After the discovery of a Higgs boson at the CERN Large Hadron Collider (LHC) [1], we have
completed to find all the elementary particles predicted in the Standard Model (SM), and the
mechanism for the mass generation of the weak gauge bosons [2] have also been confirmed.
However, there are puzzles in the mechanism for the generation of fermion masses in the SM.
First, neutrino masses are exactly predicted to be zero, although the establishment of existence of
the neutrino oscillation suggests that neutrinos have tiny but non-zero masses typically of order
0.1 eV. That is one of strong reasons that we need to consider physics beyond the SM. Next,
all the masses of charged fermions are given through the Yukawa interaction. Because only the
vacuum expectation value (VEV) of the Higgs doublet field is the dimension full parameter in
the SM, the magnitude of the measured fermion masses are accommodated by tuning the Yukawa
coupling constants. That causes an unnatural situation especially for the charged-lepton sector.
For instance, the electron mass is about 0.5 MeV which is obtained by taking the electron Yukawa
coupling to be order of 10−5.
Therefore, the questions are then following; (i) why lepton masses are quite small compared
to the electroweak scale, i.e., O(100) GeV, (ii) why there is a large hierarchy between masses for
neutrinos and those for charged-leptons. For instance, there is a difference of 6 orders between
neutrino masses and the electron mass.
One of the attractive scenarios to explain the smallness of neutrino masses are known as so-called
radiative seesaw models [3–5] in which neutrino masses are generated through quantum levels. In
Ref. [6], another type of the radiative seesaw model has been proposed, in which the masses for
the first and second generation quarks and charged-leptons are generated at the one-loop level.
However, the above scenarios cannot explain the smallness of the masses for both charged-leptons
and neutrinos simultaneously, and those hierarchy.
In this paper, we propose a new radiative seesaw model. The Dirac masses for charged-leptons
and Majorana masses for neutrinos are respectively generated from the one-loop induced dimension
five operators as
1
16π2
1
Λ
L¯LeRΦ∆ and
1
16π2
1
Λ′
L¯cLLL∆∆
′, (1)
where LL (eR) is the left (right) handed lepton field, and Φ is the isospin doublet scalar field. ∆
and ∆′ are respectively the isospin triplet scalar fields with the hypercharge Y = 0 and Y = 1.
Typical mass scales are denoted by Λ and Λ′. The mass hierarchy between charged-leptons and
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Particle LiL = (L
e
L, L
µ
L, L
τ
L) e
a
R = (eR, µR) τR E
α
L E
α
R Φ ξ χ η Φ3/2 S
SU(2)I , U(1)Y 2,−1/2 1,−1 1,−1 1,−1 1,−1 2, 1/2 3, 0 3, 1 2, 1/2 2, 3/2 1, 0
U(1)L −1 −1 −1 −1 −1 0 0 0 0 0 0
Z2 + + + − − + + + − − −
Z4 1 −i +i 1 1 −i −1 −1 1 1 −i
TABLE I: The particle contents and their charge assignments under SU(2)I × U(1)Y × U(1)L × Z2 × Z4,
where U(1)L is the global lepton number symmetry. The index i (a) for LL (eR) runs over the first, second
and third (first and second) generation.
neutrinos can be explained by the VEVs of triplet scalar fields which have to be much smaller than
the doublet VEV because of the constraint from the electroweak rho parameter.
This paper is organized as follows. In Sec. II, we define our model, and we give the Lagrangian
relevant to the generation of the lepton masses. In Sec. III, several observables in the lepton sector
are calculated, e.g., masses for the charged-leptons and neutrinos, the muon g−2, and lepton flavor
violating (LFV) processes. Sec. IV is devoted to disucss the collider phenomenology in our model.
Conclusions and discussions are given in Sec. V.
II. THE MODEL
In order to realize this mechanism in the renormalizable theory, let us consider a following
model whose particle contents and their charge assignments are shown in Table I. In our model,
we introduce discrete Z2 (unbroken) and Z4 (softly-broken) symmetries in addition to the SM
gauge symmetries in order to forbid the tree level Dirac masses for charged-leptons and Majorana
masses for neutrinos via the so-called type-II seesaw mechanism [7]. The charge of the global lepton
number symmetry U(1)L is assigned to be −1 for all the lepton fields.
We add two isospin SU(2)I singlet vector-like charged-leptons E
α
L and E
α
R with the α flavor.
The scalar sector is also extended from the SM one, which is composed of two SU(2)I triplet
scalar fields ξ and χ with the hypercharge Y = 0 and Y = 1, respectively, and three doublet
scalar fields Φ (Y = 1/2), η (Y = 1/2) and Φ3/2 (Y = 3/2) and a singlet neutral scalar field S.
Among these scalar fields, Φ, ξ and χ are assigned to be Z2-even, so that they can have non-zero
VEVs. Although we can construct a model in which all the charged-lepton masses are generated at
the one-loop level, we here consider the case with radiative generation for the muon and electron
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masses. Thus, only the tauon mass is generated at the tree level. That is the reason why the Z4
charge assignment only for the right-handed tauon field τR is different from that for e
a
R as seen in
Table I.
The Lagrangian relevant to the generation of the lepton masses is given by
−L ⊃MαEαREαL + yiτLiLΦτR + yaαS eaREαLS + yiαη LiLηEαR + yiα3/2LicL (iτ2)Φ3/2EαL + h.c.
+ κeη
†ξΦS + κνΦ
†
3/2ξχη + h.c., (2)
where Mα is the mass of the α-th vector-like lepton. We note that the y
iα
3/2 term explicitly breaks
the lepton number symmetry U(1)L as we can see the charge assignments shown in Table I, which
turns to be a source of Majorana masses for neutrinos. Thus, the Yukawa coupling yiα
3/2 could be
expected to be tiny compared to the other Yukawa couplings given in Eq. (2) due to the analogy
of the canonical seesaw mechanism.
The scalar fields can be parameterized as
Φ =

 φ+
φ0

 , ξ =

 ξ0√2 ξ+
ξ− − ξ0√
2

 , χ =

 χ+√2 χ++
χ0 −χ+√
2

 ,
Φ3/2 =

 Φ++3/2
Φ+
3/2

 , η =

 η+
1√
2
(ηR + iηI)

 , S = 1√
2
(SR + iSI). (3)
The VEVs for the above scalar fields are defined as 〈φ0〉 = vφ/
√
2, 〈χ0〉 = vχ/
√
2 and 〈ξ0〉 = vξ,
which are related to the Fermi constant GF by v
2 ≡ v2φ + 2v2χ + 4v2ξ = 1/(
√
2GF ) = (246 GeV)
2.
The electroweak rho parameter ρ deviates from unity due to the non-zero value of vξ and vχ at the
tree level as
ρ =
v2
v2 + 2v2χ − 4v2ξ
. (4)
The experimental value of the rho parameter is close to unity, so that both the triplet VEVs are
constrained from the above to be of order 1 GeV1.
Thanks to the unbroken Z2 parity, the scalar fields with Z2-even and those with Z2-odd do not
mix with each other. The mass eigenstates for the CP-even, CP-odd and singly-charged scalar
1 If two triplet VEVs are aligned as vχ =
√
2vξ, then the deviation in the rho parameter from unity is cancelled,
which has been known in the Georgi-Machacek model [8]. In our model, we do not assume the alignment for the
triplet VEVs to avoid such a fine tuning.
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FIG. 1: The left and right panels respectively show the mass matrix for the charged-lepton and that for
the neutrinos. The particles indicated by the red font have the Z2-odd parity.
states with the Z2-odd parity can be obtained by introducing the three mixing angles as
 SR
ηR

 = R(θR)

 HS
Hη

 ,

 SI
ηI

 = R(θI)

 AS
Aη

 ,

 Φ±3/2
η±

 = R(θC)

 H±3/2
H±η

 ,
with R(x) =

 cos x − sinx
sinx cos x

 . (5)
The above mixing angles are expressed as
sin 2θR = − κevφvξ
m2Hη −m2HS
, sin 2θI = − κevφvξ
m2Aη −m2AS
, sin 2θC = − κνvξvχ
m2
H+η
−m2
H+
3/2
, (6)
where m2ϕ are the mass eigenvalues for the physical scalar bosons ϕ (= Hη, HS , Aη, AS , H
±
η and
H±
3/2)
2. The lightest neutral scalar boson among ϕ can be a dark matter candidate.
We here comment on the SM-like Higgs boson which is mainly composed of Re(φ0) in Eq. (3).
Although there are mixings among Re(φ0), ξ0 and Re(χ0), it can be neglected because of the
suppression by the factor of vξ/v or vχ/v. Thus, the current LHC results regarding the 126 GeV
Higgs boson can be explained by the SM-like Higgs boson as well as by the SM Higgs boson.
2 The mass difference between a CP-even state and a CP-odd state with Z2-odd can be generated from the soft-
breaking terms of Z4. For example, the mass difference between SR and SI can be explained by the S
2 term.
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III. OBSERVABLES IN THE LEPTON SECTOR
After the spontaneous symmetry breaking, the mass matrices for the charged-leptons and neu-
trinos depicted in Fig. 1 are obtained by
M ℓia =
∑
α
Mα
64π2
yiα∗η y
aα
S sin 2θRF
(
m2HS
M2α
,
m2Hη
M2α
)
− [(HS ,Hη, θR)→ (AS , Aη , θI)], (7)
Mνij =
∑
α
Mα
32π2
(yiα∗η y
jα
3/2 + y
jα∗
η y
iα
3/2) sin 2θCF

m2H+3/2
M2α
,
m2
H+η
M2α

 , (8)
where
F (x, y) =
−x lnx+ y ln y + xy ln xy
(1− x)(1 − y) . (9)
From Eq. (7), it is seen that all the matrix elements vanish when there is no mass difference between
the mass of the CP-even scalar boson and that of the corresponding CP-odd scalar boson. In the
following, we consider the case with α = 3. In fact, the case with α = 2 is enough to obtain two
non-zero eigenvalues of M ℓ. However, in that case, there is no parameter sets to get the diagonal
form ofM ℓ without introducing any unitary matrices. Non-zero values for the off diagonal elements
inM ℓ causes dangerous LFV processes such as µ→ eγ, so that the case without such a off diagonal
element is better to avoid the constraint from the µ → eγ data. We note that in general, there
are e-τ and µ-τ mixings at the tree level from yτ couplings and at the one-loop level via the yη
couplings.
To explicitly show how we can get the masses for the charged-leptons, we take the following
assumptions 3
M1 =M2 =M3 =M,
yijη = y
33
η = y¯η, for i 6= j,
y12S = y
21
S = 0, y
13
S = −y11S , y23S = −y22S ,
y1τ = y
2
τ = 0. (10)
Besides, all the elements in yη and yS are assumed to be real numbers. Under the above assump-
3 We can move to the basis with y1τ = y
2
τ = 0 by the transformation of the left-handed lepton fields; i.e., LL → OLL′L,
where OL is the orthogonal matrix. However, this transformation cannot be completely absorbed due to the
different Z4 charge assignment between eR/µR and τR. We here simply take y
1
τ = y
2
τ = 0 instead of the base
transformation as in Eq. (10). We would like to thank referee to draw our attention to this issue.
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tions, the mass matrix for the charged-leptons can be expressed by
M ℓ =


M˜
(
y11η − y¯η
)
y11S 0 0
0 M˜
(
y22η − y¯η
)
y22S 0
0 0
vφ√
2
y3τ

 , (11)
where
M˜ ≡ M
64π2
sin 2θRF
(
m2HS
M2
,
m2Hη
M2
)
− [(HS ,Hη, θR)→ (AS , Aη, θI)]. (12)
In Fig. 2, we show the contour plots of M˜ in the mHη -mHS plane in the case of κevξ = 10 GeV
which contains in sin 2θR [see Eq. (6)]. The mass of the vector-like lepton M is taken to be 300
GeV (left panel), 500 GeV (center panel) and 1 TeV (right panel). We here show the contribution
only from the CP-even scalar bosons; i.e., Hη and HS. The typical value of M˜ is seen to be of
order 10−2 GeV in these cases, so that the Yukawa coupling constants (y22η − y¯η)y22S should be
taken to be of order 10 to reproduce the muon mass about 0.1 GeV. We can obtain slightly larger
values for M˜ in the cases with smaller M . The electron mass is simply obtained by taking the
ratio (y11η − y¯η)y11S /(y22η − y¯η)y22S to be me/mµ ≃ 0.005.
For the masses of neutrinos, there are additional suppression factors compared to the charged-
lepton masses from vχ/v and y3/2 which is expected to be much smaller than yS and yη as we
already mentioned before. Because there are enough degrees of freedom in y3/2 to reproduce the
neutrino mixings, we here give an order estimation for relevant parameters giving the order of
neutrino masses; i.e., O(0.1) eV. When we take M = 1 TeV, mϕ = O(100) GeV and κν = O(1),
the product vχ × y3/2 should be taken to be 10−7 GeV.
The muon anomalous magnetic moment has been measured at Brookhaven National Laboratory.
The current average of the experimental results is given by [9]
aexpµ = 11659208.0(6.3) × 10−10,
which has a discrepancy from the SM prediction by 3.2σ [10] to 4.1σ [11] as
∆aµ = a
exp
µ − aSMµ = (29.0 ± 9.0 to 33.5 ± 8.2)× 10−10.
In our model, the vector-like charged-leptons and extra neutral scalar bosons can contribute to the
7
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FIG. 2: Contour plots for M˜ are shown by the black curves in the mHη -mHS plane in the case of κevξ = 10
GeV. The left and right panels respectively show the cases with M = 500 GeV and 1 TeV. In the right
panel, the prediciton of |∆aµ| using Eq. (15) is also shown as the blue contours.
FIG. 3: Dominant contributions to the ℓa → ℓbγ processes. ϕ0 denote Hη, HS , Aη and AS .
ℓa → ℓbγ processes as shown in Fig. 3. The amplitude for these processes is calculated by
∆aab ≃
3∑
α=1
mµ sin 2θR
64π2Mα
(yaα∗S y
bα
η + y
bα∗
S y
aα
η )
[
G
(
m2HS
M2α
)
−G
(
m2Hη
M2α
)]
− [(HS ,Hη, θR)→ (AS , Aη , θI)],
(13)
with G(x) =
1− 4x+ 3x2 − 2x2 lnx
2(1− x)3 , (14)
where terms proportional to (yaαS )
2 and (yaαη )
2 are neglected, because they give the contribution
of order m2µ/M
2
α. Moreover, we neglect the contribution from the Φ
±±
3/2 loop diagram which is
proportional to (yaα
3/2)
2, and it is tiny enough, as mentioned in the above. Under the assumptions
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given in Eq. (10), Eq. (13) can be rewritten by
∆aab = 2
(mµ
M2
)
×
(
G˜
F˜
)
× (M ℓ)ab, (15)
where
F˜ = F
(
m2HS
M2
,
m2Hη
M2
)
, G˜ = G
(
m2HS
M2
)
−G
(
m2Hη
M2
)
. (16)
By taking a = b = µ in Eq. (15), we obtain the contribution to ∆aµ as
∆aµ = 2
(mµ
M
)2
×
(
G˜
F˜
)
, (17)
where (M ℓ)µµ = mµ is used.
In Fig. 2 (right panel), we show the contour plots for the prediction of |∆aµ| by the blue curves
in the case of M = 1 TeV and κe × vξ = 10 GeV. It can be seen that |∆aµ| = 3 × 10−9 can be
explained whenmHη+mHS ≃ 275 GeV which is corresponding to the case with M˜ ≃ 0.01. Because
∆aab depends on 1/M
2, smaller values of M tend to get too large values of ∆aab. For example,
when we take M = 500 GeV, the magnitude of ∆aab is about 5 times larger than that in the case
with M = 1 TeV. Therefore, we can explain the discrepancy in the g − 2 value in the case with
M = O(1) TeV in which we need to take y22η × y22S to be of order 10 to reproduce the muon mass
as we discussed in the above.
In the end of this section, we discuss the LFV process, especially for the µ → eγ, because it
gives the most stringent constraint. The 95% confidence level upper limit of the branching ratio is
given by B (µ→ eγ) ≤ 5.7 × 10−13 from the MEG experiment [12]. In our model, the branching
ratio is calculated as
B(µ→ eγ) ≃ 24π
3αem
G2Fm
4
µ
|∆αµe|2, (18)
where αem is the fine structure constant. The point is that the amplitude for µ → eγ given in
Eq. (18) depends on the same matrix ∆a as in the amplitude for the muon g − 2. Therefore, this
constraint can be avoided as long as we choose the parameter sets which gives the diagonal form
of ∆aab. One example for such a parameter sets is given in Eq. (10).
IV. HIGGS PHENOMENOLOGY
Finally, we give an outline of the collider phenomenology in our model. There are two pairs of
doubly-charged scalar bosons χ±± and Φ±±
3/2 which do not mix with each other due to the opposite
9
Parameters M mϕ vξ × κe vχ × y3/2 y22η y22S y11η y11S κν
Typical values ≃ 1 TeV O(100) GeV ≃ 10 GeV O(10−7) GeV ≃ 10 ≃ 0.05 O(1)
TABLE II: Typical values of the parameters giving correct orders of the observables in the lepton sector
under the assumptions in Eq. (10).
assignment for the unbroken Z2 charge. In addition, the isospin charge is also different; namely,
χ±± and Φ±±
3/2 respectively come from the triplet field and the doublet field, so that their properties
can be quite different. The phenomenology of χ±± is similar4 to that in the minimal Higgs triplet
model [7]. When the mass of χ±± is the smallest among the component scalar fields in χ, χ±± can
mainly decay into the same sign diboson χ±± → W±W±. Collider signatures in such a scenario
have been discussed in Refs. [13]. Recently in Ref. [14], the lower mass bound for χ±± has been
found to be about 60 GeV by using the current LHC data.
On the other hand, the decay of Φ±±
3/2 depends on the mass spectrum of the Z2-odd particles
5.
When the mass of Eα is smaller than that of Φ
±±
3/2 , the decay process Φ
±±
3/2 → ℓ±E±α → ℓ±µ±ϕ0 is
allowed, where ϕ0 is a neutral Z2-odd scalar boson, and ℓ
± represent e±, µ± or τ±. In this process,
we note that the decay of Eα is determined by the structure of the charged-lepton mass matrix, so
that Eα prefer to decay into a muon and ϕ
0. Thus, at least one of two leptons with the same-sign
is muon in the signal event from the decay of Φ±±
3/2
. When the mass of Eα is larger than that of
Φ±±
3/2 , which is rather preferred scenario from the generation of lepton masses, the decay process
can be Φ±±
3/2 → χ±±ϕ0 or Φ±±3/2 → χ±ϕ0W+∗ via the κν coupling defined in Eq. (2). The decay of
χ±± are already discussed in the above, and that of χ± depend on various parameters such as the
mixing between ξ±. When the mixing is not so important, χ± can decay into W±Z.
V. CONCLUSIONS AND DISCUSSIONS
We have constructed the new type of the radiative seesaw model which provides masses for
charged-leptons and neutrinos at the one-loop level in a TeV scale physics. In our model, the mass
hierarchy between charged-leptons and neutrinos is naturally explained due to the smallness of
4 In our model, χ does not couple to the lepton fields, so that χ±± cannot decay into the same-sign dilepton. Such
a same-sign lepton decay of χ±± can be allowed in the minimal Higgs triplet model when the triplet VEV is taken
to be smaller than about 0.1 MeV.
5 The collider phenomenology for Φ±±
3/2 has been discussed in Ref. [15], but its decay process is different from that
of Φ±±
3/2 in our model, because of the particle content.
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the VEVs of triplet Higgs fields and the lepton number violating Yukawa coupling constant. In
Table II, we summarize the typical values of the parameters giving correct orders of the masses
of charged-leptons and neutrinos under the assumptions in Eq. (10). We have found that the
deviation in the measured muon g − 2 from the SM prediction can be explained in the parameter
sets given in Table II by the loop effects of the vector-like leptons Eα and extra neutral Z2-odd
scalar bosons. The decay rate of µ→ eγ can be neglected in this case due to the diagonal structure
of the ∆a matrix given in Eq. (15). We then have discussed the collider phenomenology focusing
on two pairs of doubly-charged scalar bosons.
Our model has several bosonic dark matter candidates; namely, the lightest neutral Z2-odd
scalar boson Hη, Aη, HS or AS . In the case of SU(2)I doublet-like scalar boson (Hη or Aη), it
has been already discussed in Ref. [16], in which the dark matter mass is in favor of at around
the half of the observed Higgs boson mass, i.e., about 63 GeV, from the constraint of WMAP and
the direct detection search in XENON100. In the case of SU(2)I singlet-like boson (HS or AS),
it could explain the Fermi-LAT 130 GeV γ-ray excess [17] based on the model in Ref. [18] if the
mixing angles θR and θI are tiny enough to satisfy the current upper bound reported by XENON
LUX [19]. Such a situation can be achieved in our framework.
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